Abstract
Introduction

26
Dikes are the end result of the flow of pressurised magma through fractures, recording a 27 fundamental mechanism of magma transport through the crust. Dike shapes reflect the 28 integration of complex emplacement and eruption processes, where host-rock deformation, 29 magma viscosity, magma pressure variations, stress distribution and heat transfer all play a role. We document the shapes of well exposed examples of basaltic dikes from the Isle of Rum, 55 Scotland, and kimberlite dikes from Helam Mine, South Africa. Firstly we describe the 56 geological settings of the dikes and present detailed dike-thickness datasets. We then summarize 57 the theoretical framework used to assess to what extent elastic deformation can describe dike 58 shape. We find that the shapes of most of the dikes have a poor fit with that expected from elastic 59 theory and propose that the shapes can be explained by including the complicating effects of 60 magma chilling at the dike's tapering edges and host-rock inelastic deformation. 
80
A dike length and thickness dataset was compiled. The length of each of the dikes selected was 81 measured using a tape measure; only dikes with crack tips exposed at both ends were selected for 82 measurement. The thickness of the dike was then measured at regular intervals. For the majority 83 of the dikes, this was done by hand in the field. For a few of the largest dikes measured, this was 84 done using scaled photographs. All measured thicknesses were then corrected for the dip angle 85 of the dike to give the true thickness. A total of 1068 thickness measurements along the length of 86 41 dikes are presented; some of these are thought to be en echelon segments of a single dike; for 87 simplicity we treat each segment individually as if they were separate dikes, referring to them as 88 dikes rather than dike segments. We will address this simplification later on in the Discussion.
89
The Isle of Rum dikes have a thickness:length ratio ranging from 1:11 to 1:449, with an average 
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The country rock away from the dike is unbrecciated, lacking closely spaced fracturing and 129 spheroidal weathering.
130
The Swartruggens dikes are not thought to be controlled by pre-existing fractures, having instead The overall displacement of the margins of the fluid filled crack is the result of a summation of 155 both Equations (1) and (2). Equation (1) gives the displacement due to the application of a 156 uniform internal pressure with no gradient in regional stress, whilst Equation (2) gives the 157 displacement as a result of a linear gradient along the dike length as the difference between the 158 regional stress and magma pressure. Models including a constant driving pressure plus a gradient 159 in driving pressure or regional stress along the dike length will create a dike profile with a 160 teardrop shape We analyze dike-thickness measurements from the two datasets using the method of Pollard and Swartruggens dikes with values obtained by previous studies are also given in Table 1 . thickness is not at the dike centre (e.g. Figure 4B ). We have quantified dike asymmetry ( ) by 
Discussion
222
We first discuss dike segmentation and our simplified analysis, before discussing the two kinds Additionally, we note some difficulties in treating a dike with several segments as a single dike.
247
Although in some cases this can provide a better fit to the thickness data (e.g. Delaney and with larger spacing would be lower, and could offset some of the closest segments.
273
To investigate further the effect of analyzing dike segments collectively rather than separately,
274
we have compared this analysis with the profile of six en echelon dikes from one locality on the
275
Isle of Rum. The dikes at this particular locality are thought to be a completely exposed 276 segmented dike; at all other localities where the dikes were segmented the complete extent of the 277 dike is less certain. These six dike segments are not truly collinear, however. There is always 278 some separation, as measured normal to one segment, and they also tend to overlap, with both 279 separation and overlap distances varying significantly from a pair of segments to one another.
280
We have thus used the collinear, segmented dyke analysis with a range of tip-to-tip spacing 281 between segments, from 1 m down to 0.1 mm. As for the previous analysis, equation (3) Figure 8 shows the best-fit profiles for 291 both single-dyke and segmented-dyke analyses for two of the selected segments. Both analyses 292 fail to explain the thick edges displayed by the segments ( Figure 8A ). Additionally, the segment 293 analysis only deals with constant stress, and so cannot say anything about regional stress 294 gradients nor explain the asymmetrical, teardrop shape displayed by most segments ( Figure 8B ). The fracture toughness of a rock is important in terms of the dike opening. According to Linear
348
Elastic Fracture Mechanics, the intrusion of magma into a rock requires the concentration of 349 stress at the intrusion tip to exceed the fracture toughness K c of that rock . This is The cause of the dike asymmetry is most likely due to host-rock inelasticity, small scale lateral not-yet-solidified, intrusive system will experience a reduction in overpressure. However, the Moreover, however the intrusion is driven, its overpressure will decrease because of the viscous 444 pressure drop it will experience during propagation (Lister and Kerr, 1991). We do not see direct
445
evidence that the dikes from either locality connected to their palaeosurface, and therefore we 446 must rely on indirect evidence to assess whether or not these dikes were feeders. If it can be 447 assumed that at tens of meters depth a dike with a maximum thickness greater than one meter has than one meter, it is assumed that our analysis can only be applied to dikes fulfilling this 452 criterion, and the application of our results to thicker dikes will require further investigation.
453
As magma flows through a fracture ( Figure 9A ), chilling of the magma at the dike margins 455 prevents it from closing at the tips ( Figure 9B ). Viscosity increase by preferential cooling at the 456 dike edges adds to this effect. As the overpressure wanes, if the position of the edges becomes 457 fixed and the dike is no longer propagating in the direction of the tip, the preserved thickness is 458 then determined by the initial overpressure ( Figure 9C ). However, the non-solid and less viscous 459 central parts of the dike can close as the overpressure declines; the initial dike injection shape is 460 not the shape that is ultimately preserved as the solidified dike. We suggest therefore that the 461 shape mismatch is principally a result of chilling and solidification during dike emplacement.
463
Inelasticity can also account for some of the dike thickness variation. There is strong evidence Implications for eruption longevity and crustal strain
486
The tendency for thick dike tips and narrow centers has broader implications. 
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